Objective: To examine psychometric properties of four stroke-specific health-related quality of life (HRQoL) measures, including original Stroke-Specific Quality of Life Scale (12-domain SSQoL), modified 8-domain SSQoL, Stroke Impact Scale (SIS 3.0), and modified SIS-16 focused on physical domains. Design and Setting: Prospective repeated measures study conducted in rehabilitation and wards in hospitals. Subjects: Study cohort was recruited with 263 patients in the first administration and 121 in the second administration, an average of two weeks later. To investigate discriminant validity, the same number of patients (i.e., 52) was grouped for each of 3 levels of stroke severity. 
Introduction
Stroke often leads to high mortality or disability and has a multidimensional impact on the daily living of patients. The impact of stroke can be assessed by multiple subscales of health-related quality of life measures. The best choices to investigate healthrelated quality of life levels of stroke patients are disease-specific health-related quality of life instruments.
The disease-specific health-related quality of life measures are designed on the basis of patients' input and disease characteristics. Two main diseasespecific health-related quality of life measures commonly used for stroke survivors are the Stroke-Specific Quality of Life Scale 1 and the Stroke Impact Scale. 2 In the past decade, these two measures have evolved into a series of stroke-specific health-related quality of life measures, including: (1) the original Stroke-Specific Quality of Life Scale with 12 domains (12-domain Stroke-Specific Quality of Life Scale), 1 (2) the shortened StrokeSpecific Quality of Life Scale with 8 domains (8-domain Stroke-Specific Quality of Life Scale), 3 (3) the Stroke Impact Scale 3.0 4, 5 modified from the original Stroke Impact Scale 2.0, 2 and (4) the Stroke Impact Scale-16, 6 which basically emphasizes the physical domain. In addition, the four physically relevant domains (i.e., self care, mobility, upper extremity function, work) of the 12-domain StrokeSpecific Quality of Life Scale have been validated and converged as "activities" 3 in the 8-domain Stroke-Specific Quality of Life Scale. Similarly, a domain named "composite physical domain" 4 represents the combination of the strength, hand function, ADL/ Instrumental ADL activities, and mobility domains in the Stroke Impact Scale 3.0. These four health-related quality of life measures have different advantages. The Stroke Impact Scale 3.0 and Stroke Impact Scale-16 were designed originally to investigate the disease impact of stroke, rather than actual health-related quality of life levels, and both have been validated by Rasch analysis. In contrast, the 12-domain Stroke-Specific Quality of Life Scale and 8-domain Stroke-Specific Quality of Life Scale were designed originally to assess health-related quality of life levels of stroke survivors. However, the 12-domain Stroke-Specific Quality of Life Scale and 8-domain Stroke-Specific Quality of Life Scale have not been validated by Rasch analysis. Exploratory factor analysis has been used to confirm the unidimensionality of only the domains of 12-domain Stroke-Specific Quality of Life Scale. 1 Different versions of the StrokeSpecific Quality of Life Scale 1, 3 and Stroke Impact Scale 2, 4-6 have been validated and recommended 7, 8 .
Although the health-related quality of life measures are used to assess global outcome, there are currently few or no comparative studies allowing a clinician or a researcher to select appropriate measures. In other words, no study has ever comprehensively compared all of the versions of these two disease-specific health-related quality of life measures simultaneously with the same study design and the same study sample. The factor structure of the 12-domain Stroke-Specific Quality of Life Scale has been supported but not the 8-domain Stroke-Specific Quality of Life Scale compared. 7 When being compared with the SIS 3.0, the 12-domain Stroke-Specific Quality of Life Scale become less satisfactory psychometric properties than the Stroke Impact Scale 3.0. 8 This prospective study was the first to compare the psychometric properties of the 12-domain Stroke-Specific Quality of Life Scale, 8-domain Stroke-Specific Quality of Life Scale (with "activities"), Stroke Impact Scale 3.0 (with "composite physical domain"), and Stroke Impact Scale-16. Specifically, the reliabilities of the four stroke-specific measures were to be investigated, including the acceptability, internal consistency, test-retest reliability, and precision i.e., absolute reliability. Also, the convergent validity and discriminant validity of the four measures were to be examined due to the lack of the gold standard. The hypothesis was that the 8-domain Stroke-Specific Quality of Life Scale and Stroke Impact Scale 3.0 would show better psychometric properties than the others.
Subjects and methods

Subjects
By convenient sampling, participants were recruited from patients admitted to acute wards or rehabilitation centers, or from those making clinical visits, mainly in the departments of neurology or rehabilitation of five general hospitals in the north and south 3 area of Taiwan. The recruitment was supported by the research grants from Taiwan National Science Council and lasted from August 2008 to June 2010. Inclusion criteria were: (1) diagnosis of stroke based on DSM-IV (1994), (2) hemiplegia due to stroke, (3) age over 18 years old, (4) sufficient reading or listening comprehension ability to complete the selfreported health-related quality of life measures, and (5) sufficient cognitive ability to follow simple instructions.
Procedure
The protocol and ethics were approved by the Institutional Review Board of Fu-Jen Catholic University and by the general hospitals where recruitment occurred. All participants provided informed consent. After the baseline information was collected, licensed occupational therapists (OT) trained in the measures administered the Mini-Mental State Examination, National Institutes of Health Stroke Scale, and Barthel Index to the subjects at the same time, rather than the information taken from the hospital records. Consecutively, the subjects completed self-reports of the 12-domain Stroke-Specific Quality of Life Scale, Stroke Impact Scale 3.0, and WHQOoL-BREF Taiwan version. These measures were conducted in a random order of administration within three days to minimize the effects of spontaneous recovery or other factors potentially influential to patients' health-related quality of life levels. The subjects willing to receive evaluations for follow-up completed the second administration of the healthrelated quality of life measures an average of two weeks later. All the subjects and therapists were blinded to the purpose of the study and the score computations during the study period.
Measures
The 12-domain Stroke-Specific Quality of Life Scale, 1 and 8-domain Stroke-Specific Quality of Life Scale, 3 were used to measure subjective stroke-specific health-related quality of life levels. 7, 8 The Stroke Impact Scale 3.0, 4, 5 and Stroke Impact Scale-16 6 were also used to measure subjective stroke-specific health-related quality of life levels. The Stroke Impact Scale 3.0 4, 5 (8 domains, 59 items) was derived by Rasch analysis from the original Stroke Impact Scale 2.0 2 (8 domains, 64 items) developed by Duncan et al., in 1999 . By Rasch analysis, the Stroke Impact Scale-16 6 (with 16 items) has been derived and validated from the Stroke Impact Scale 3.0 composite physical domain (with 28 items). The Stroke Impact Scale-16 focuses on health-related quality of life levels related to physical function, since the 16 items mainly come from the original two Stroke Impact Scale 3.0 domains: (1) ADL/ Instrumental ADL activities and (2) mobility. 6 The scores of both the Stroke Impact Scale 3.0 and Stroke Impact Scale-16 were rated on a 5-point Likert-like scale. The Stroke Impact Scale 3.0 and Stroke Impact Scale-16 scores were transformed to 0-100 scaling. Higher scores indicate better levels of the patients' subjective health-related quality of life status. The Stroke Impact Scale 3.0 has been validated and supported with acceptable psychometric properties in Taiwan. 8 To validate the disease-specific health-related quality of life measures, the generic and widelyused World Health Organization Quality of Life-BREF Taiwan version 9, 10 was used. The World Health Organization Quality of Life-BREF 9 has 26 items in 4 domains. The scores of the World Health Organization Quality of Life-BREF were rated on a 5-point Likert-like scale. The World Health Organization Quality of Life-BREF scores were
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Clinical Rehabilitation transformed to 0-100 scaling. Higher scores indicate better levels of the patients' subjective healthrelated quality of life status. For international comparison, two additional items (i.e., self-esteem and eating) adapted for the World Health Organization Quality of Life-BREF Taiwan version 10 were excluded from this study. No use of the total score for the four subscales is suggested. 10 The National Institutes of Health Stroke Scale 11 was used to monitor the stroke severity of stroke patients. The National Institutes of Health Stroke Scale 11 consists of 11 items. Higher scores indicate more severe levels of the patients' disease severity status. Total score ranges from 0 to 42. Severity of stroke is determined by cut-points: minor level is indicated by National Institutes of Health Stroke Scale scores ≦3; 12 mild level is indicated by 4≦National Institutes of Health Stroke Scale≦6; 12,13 moderate level is indicated by 7≦National Institutes of Health Stroke Scale≦15; 13 and severe level is indicated by National Institutes of Health Stroke Scale ≦16. 13 The National Institutes of Health Stroke Scale has been shown to have acceptable reliability. 14, 15 The Mini-Mental State Examination 16 was used to monitor the cognitive dysfunction of stroke patients. The Mini-Mental State Examination 16 consists of 11 items in the domains of orientation, language, attention, construction, and memory. Total score ranges from 0 to 30. Higher scores indicate better levels of the patients' cognitive status. A score of less than 24 is generally used to indicate cognitive impairment. Additionally, in this study, patients with Mini-Mental State Examination scores of slightly less than 24 were not excluded if they still showed comprehensive ability to complete the health-related quality of life self reports.
The Barthel Index 17 was used to monitor the functional limitations of stroke patients. The Barthel Index 17 has 10 items, and the scores indicate mild, moderate, and severe levels of independence in activities of daily living. 18 The Barthel Index scores were transformed to 0-100 scaling. Higher scores indicate better levels of the patients' independent status. The Barthel Index has been shown to have good psychometric properties in stroke survivors. 19, 20 
Data analysis
All statistical analyses were computed by SPSS 18.0. The statistical significance level was set at P< 0.05 (2-sided). Acceptability was investigated as follows. The mean score should be around the midpoint of the domain score. 21 Biased score distributions (ex: mean score deviated far from midpoint) indicated only a limited range of the patients assessed, rather than involving all variations of patient characteristics. Ceiling/floor effects were estimated by the percentage of participants with maximum/minimum scores reported for each domain. 22 A percentage higher than 20% indicated significant ceiling/floor effects. 22 To examine the score scaling assumption of whether the items were correctively grouped into domains, an item-domain correlation corrected with values of 0.40 or higher was considered acceptable. 23 Test-retest reliability was analyzed by calculating intraclass correlation coefficients. To ensure that the status remained stable between the two administrations, a non-parametric Wilcoxon signed rank test was conducted to find significant differences in health-related quality of life scores rated in the first-and second administrations. A value at least 0.70 was suggested for acceptable test-retest reliability 24 and acceptable internal consistency at the group level. 24 The internal consistency of each domain was tested by calculating its Cronbach's alpha (α) coefficient. 25 Standard error of measurement was the absolute reliability to quantify the actual size of random variability between the measurements obtained from two test administrations and was referred to as Standard error of measurement=√ within subject variance or √Mean square error. 26 Moreover, the standard error of measurement was often calculated as standard error of measurement=standard deviation (of all test-retest scores) × √(1-Intra-class correlation coefficients). 27 Acceptable standard error of measurement was required to meet standard error of measurement ≦ standard deviation /2. 28 The amount of variability (obtained from two test administrations) smaller than the value of standard error of measurement represented acceptable random measurement error and thus was indicative of reliability.
The smallest real difference refers to the smallest change indicative of a real improvement for a single subject. The smallest real difference was computed to show whether a change value was indicative of real change at the 95% confidence level, i.e., the smallest real difference was calculated by 1.96 × standard error of measurement × √2. 26, 27 In this formula, the greater the value of the intra-class correlation coefficients, the smaller the standard error of measurement or smallest real difference, and thus the better the precision i.e., absolute reliability indicated. 26 In other words, a change score equal to or exceeding this threshold is true and reliable and not just measurement error. Convergent validity was checked if there were moderate (r = 0.30 to 0.59) to high (r ≧ 0.60) 1, 5, 21 correlations between individual domains of the 12-domain Stroke-Specific Quality of Life Scale, 8-domain Stroke-Specific Quality of Life Scale, Stroke Impact Scale 3.0, and Stroke Impact Scale-16 with similar constructs in the World Health Organization Quality of Life-BREF Taiwan version, National Institutes of Health Stroke Scale, or Mini-Mental State Examination. Also, a fair degree of association was indicated if correlation coefficients reached 0.25. 29 Spearman rank correlation coefficient (ρ) was used to investigate the convergent validity.
Known-group methodology 30 was used to examine the discriminant validity and to identify significant differences in health-related quality of life scores among subgroups. These subgroups were grouped by the severity of stroke disease which was determined by the assessments of the National Institutes of Health Stroke Scale. The ANOVA was used to examine if there was the significant differences of health-related quality of life scores among the subgroups.
Results
A total of 263 participants were recruited. Just under half (47%, n=124) of the participants were inpatients with onsets within three months recruited from hospital wards, and just over half (52%, n=137) of the subjects were outpatients recruited from clinical visits or rehabilitation centers. Most of the stroke patients were receiving or had received rehabilitation (70 %, n=183). Nearly half of the patients (121) completed the second administration of the health-related quality of life measures. Most (97%, n =255) of the patients who completed the second administration were outpatients, and 90% (n=237) of these patients were receiving rehabilitation. The patients who completed the first and second administrations had similar sociodemographic and clinical features (Table 1 ). Nearly half of the patients presented mild restriction of daily living independence.
The psychometric results are presented in Tables 
Discussion
In this prospective study, the four closely relevant health-related quality of life measures showed acceptable reliability, precision, convergent validity, and discriminant validity, although their acceptability is less than satisfactory. The participants recruited for the validations in the first test administration were both inpatients and outpatients recruited from northern and southern areas of Taiwan. The majority of patients willing to receive the second administration was outpatients, whose disease severity can be less severe and more likely to have social participation and thus possibly makes the retest achievable. The acceptability, internal consistency, and convergent validity were validated by the sample, which had even distributions of age. To test the test-retest reliability and precision (i.e., absolute reliability), the similarities in the sample characteristics of the first and the second administration were highly similar, with the one difference being the sample size. However, the sample size was controlled among the groups of minor, mild, and moderate severity for the validation of discriminant validity. In summary, the four health-related quality of life measures have been compared with the sample characteristics well controlled. The mean scores of the four health-related quality of life measures were slightly higher than the midpoint. All subscales of the four health-related quality of life measures had acceptable floor effects, except for the hand function domain of the Stroke Impact Scale 3.0. These four stroke-specific health-related quality of life measures showed prominent ceiling effects than floor effects. The ceiling effect can be explained by the fact that most patients did not show severe disease severity or severe levels of independence in terms of Barthel Index score. The 12-domain Stroke-Specific Quality of Life Scale or 8-domain Stroke-Specific Quality of Life Scale were slightly better than the Stroke Impact Scale 3.0 and Stroke Impact Scale-16 in meeting scaling assumptions, consistent with a previous study. 5 In summary, the ceiling effect was notable in the 4 health-related quality of life measures. These notable ceiling effects can possibly result from the recruitment of the patients not only with mild to moderate level of stroke but also those with minor severity. Thus, the items to reflect the health-related quality of life levels of the patients with minor, mild, to moderate severity of stroke are limited and are suggested to be expanded in future studies.
Repeated measurements require instruments to have reliability. The internal consistency of most of the domains of the four health-related quality of life measures was acceptable, as found in previous reports, 1, 3, 5, 31 except for the domains of family roles and personality of the 12-domain StrokeSpecific Quality of Life Scale. In terms of testretest reliability, no significant differences were detected between the health-related quality of life scores in the first and second administrations, except for the emotion domain of the Stroke Impact Scale 3.0. Only the social participation domain of the Stroke Impact Scale 3.0 had slightly low testretest reliability. Overall, the four health-related quality of life measures are reliable, except for the family roles and personality domains of the 12-domain Stroke-Specific Quality of Life Scale and the social participation domain of the Stroke Impact Scale 3.0. From these perspectives, the 8-domain Stroke-Specific Quality of Life Scale show better reliability over the 12-domain StrokeSpecific Quality of Life Scale and Stroke Impact Scale 3.0 and thus is indicative of greater stability in regular use for clinical practitioners and researchers.
Acceptable precision i.e., absolute reliability was found in most of the domains of the four health-related quality of life measures. Only the standard error of measurements of the family role domain of the 12-domain Stroke-Specific Quality of Life Scale and the social participation domain of the Stroke Impact Scale 3.0 lacked acceptable precision. Similarly, all domains of the Stroke Impact Scale 3.0 met the criteria of the Standard error of measurement, except the emotion domain. 5 Moreover, the Standard error of measurement and Smallest real difference values of the composite physical domain of the Stroke Impact Scale 3.0 in this study are highly similar to those reported by Carod-Artal. 5 The smallest real difference values of ranged lowest value in the vision to the highest value in the family roles for the 12-domain StrokeSpecific Quality of Life Scale, from the lowest value in the activities to highest value in thinking for the 8-domain Stroke-Specific Quality of Life Scale, and from the lowest value in the ADL/ Instrumental ADL activities to highest value in emotion for the Stroke Impact Scale 3.0. The smallest real difference value of the Stroke Impact Scale-16 was 13.2. Clinical change higher than these smallest real difference values alerts clinical practitioners and researchers to the possibility of true change in stroke survivors.
The construct validity was examined by investigating the convergent validity and discriminant validity. The four health-related quality of life subscales showed moderate to high correlations with the corresponding constructs from the World Health Organization Quality of Life-BREF Taiwan version, National Institutes of Health Stroke Scale, and Mini-Mental State Examination, except for the domains of family roles and vision of the 12-domain Stroke-Specific Quality of Life Scale. This study
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Clinical Rehabilitation was the first to investigate the discriminant validity at 3 levels spanning minor to moderate severity, rather than only mild and moderate severity. 1 All four of the health-related quality of life subscales showed good discriminant validity, except for the thinking domains of the 12-domain Stroke-Specific Quality of Life Scale and 8-domain Stroke-Specific Quality of Life Scale. The discriminant validities of the 12-domain Stroke-Specific Quality of Life Scale and 8-domain Stroke-Specific Quality of Life Scale have never previously been confirmed for different levels of stroke severity. The memory and thinking domains of the Stroke Impact Scale 3.0 have been reported to have unsatisfactory discriminant validity in a report by Carod-Artal et al. 5 The Stroke Impact Scale-16 has shown good discriminant validity, as reported in the literature. 6, 31, 32 In summary, the four health-related quality of life measures showed sound convergent and discriminant validity. In other words, these four healthrelated quality of life measures can be suggested in the research and clinical use to reflect the subjective perspectives of disease impact on stroke patients' health-related quality of life levels and can be able to well differentiate different severity levels of stroke.
The number of stroke patients with severe severity recruited was limited. Similar limitation was also ever described by the report of Ewert et al. 3 Patients with severe stroke are less likely to be recruited due to the acute stage of disease or inability to complete self reports due to cognitive or communication impairment. The findings in the current studies have limited generalizability due to the recruitment in Taiwan, due to the stroke severity, low percentage of hemorrhagic type of stroke, and cognitive comprehension since patients were asked to complete the self-reports. Future studies can be improved by having the response rate, days after stroke, and side of lesion reported. Future studies also can have the patient characteristics compared between patients completed the retest and those who did not complete the retest. Increasing to compute the smallest real difference percentage (%) also can be helpful to the future comparisons of the 4 health-related quality of life measures. Future studies can compare these four measures with the other measures such as the newly developed Stroke-Specific Quality of Life Scale with 12 items. [33] [34] [35] Alternatively, future studies can have the versions of the Stroke-Specific Quality of Life Scale or the Stroke Impact Scale modified since refinement is indicated for family role domain of the 12-domain Stroke-Specific Quality of Life Scale, vision domain of the 12-domain Stroke-Specific Quality of Life Scale/8-domain Stroke-Specific Quality of Life Scale, and social participation domain of the Stroke Impact Scale 3.0. Also, reduction is indicated for the item numbers of high Cronbach's alpha values in the Stroke Impact Scale 3.0 and also indicated for the physical domains of the four health-related quality of life measures.
In summary, the four health-related quality of life measures showed acceptable psychometric properties, although their acceptability is less than satisfactory. Overall, as the hypothesis expected the use of 8-domain Stroke-Specific Quality of Life Scale and Stroke Impact Scale 3.0 are supported with sound psychometric properties and are feasible for clinical practice to monitor the diseasespecific health-related quality of life levels of stroke survivors.
Clinical messages
• • The 8-domain Stroke-Specific Quality of Life Scale is suggested as a good instrument choice for the clinical use to monitor the stroke-specific health-related quality of life levels. • • The Stroke Impact Scale 3.0 is suggested as a good instrument choice for the clinical use to monitor the stroke-specific health-related quality of life levels.
